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When exponential cultures of Bacillus subtilis, growing on glucose as a carbon source, enter early stationary phase, there appears to be a shift in the pathways of energy metabolism. Fermentative pathways are supplanted by oxidative pathways, the transition being characterized by induction of tricarboxylic acid cycle enzyme activities (10, 12, 18) and increases in the rates of CO2 evolution and oxygen consumption. The inability of certain tricarboxylic acid cycle mutants to sporulate under normal conditions suggests that this transitional phase is crucial to sporulation (4, 11, 18) .
Chaix and Petit (5) observed that changes also take place in the cytochrome concentration of B. subtilis during this period. Concentrations of cytochromes cl and o, which are relatively high during exponential growth, decline during late vegetative and early stationary phases, and concentrations of cytochromes a, b, and c increase markedly. These concentration changes occur at approximately the same time as induction of the tricarboxylic acid cycle and the increased rates of CO2 evolution and oxygen uptake.
We have been interested in the role of menaquinone in growth and sporulation of B. subtilis. This membrane-associated quinone has been implicated in the oxidative metabolism of a number of different bacterial species (1, 2, 13, 20) , including B. subtilis (7) . Consequently, we investigated the menaquinone-7 (MK-7) content of B. subtilis at various stages of growth and sporulation.
Stains RB 1 (168; trpC2) and SB 202 (trpC2, tyrA, hisB, aroB) were grown in 4-liter volumes of synthetic sporulation medium (SSM) no. 5 (16) . Cultures of strain RB 1 were supplemented with tryptophan, whereas those of strain SB 202 were supplemented with either tryptophan, tyrosine, phenylalanine, paminobenzoic acid, and histidine, or tryptophan, shikimic acid (a precursor of aromatic 32 amino acids), and histidine. MK-7 concentrations were determined by the method of Salton and Schmitt (17) in membrane preparations from cells harvested at various periods of exponential and postexponential growth. Control experiments showed that 91% of the membraneassociated MK-7 could be extracted by this technique. Figure 1 shows that, for both strains, the quinone content of membranes increased approximately twofold between mid-exponential growth and a time 1 h after the end of exponential growth (T1). Thereafter the values fell to a constant level by T. Since membrane dry weight per optical density unit of culture remained relatively constant when plotted as a function of growth time (Fig. 2) , the changes in MK-7 concentration were not merely a reflection of general changes in membrane content of the cells from one phase of growth to andther.
Separate experiments, performed in SSM no. 5 supplemented as above indicated that strains RB 1 and SB 202 sporulate at high frequencies in this medium ( Table 1) .
The rise in quinone concentration to a maximum at T, corresponds to increases in cyto- (14) .
The results obtained when strain SB 202 was grown in the absence of shikimic acid are quite interesting. This strain is an aroB mutant and lacks 5-dehydroquinate synthase, the second enzyme in the common pathway for aromatic amino acid biosynthesis. Menaquinone is synthesized by a series of reactions branching from the common aromatic pathway at the level of chorismic acid (3, 6, 15 on October 11, 2017 by guest http://jb.asm.org/ Downloaded from NOTES would suggest that the high levels of MK-7 observed at T5 are required for some early sporulation event unrelated to the electron transport function of this quinone.
